We evaluated parameters associated with testicular salvage in boys with testicular torsion. Materials and Methods: During 2009During -2014 boys younger than 18 years old underwent emergency surgery for testicular torsion in our hospital. Age, chief complaint, laterality of the torsion, physical appearance, ultrasonographic results, duration between the onset of symptoms and hospital visit, duration between the onset of symptoms and start of surgery, intraoperative appearance, surgical method (orchiopexy or orchiectomy), and any postoperative complications were analyzed retrospectively. Cases were categorized according to salvageable testes (n=14) or unsalvageable testes (n=5) groups based on testes viability. Results: The mean age was not significantly different between the two groups. All patients were diagnosed using color Doppler ultrasonography of the scrotum. Six (42.9%) boys in the salvageable testes group and all five in the unsalvageable testes group were transferred from other clinics or hospitals (p=0.026). The mean duration between the onset of symptoms and hospital visit was 925 minutes in the salvageable testes group and 3,488 minutes in the unsalvageable testes group (p=0.042), and the mean duration between the onset of symptoms and start of surgery was 1,131 minutes in the salvageable testes group and 3,777 minutes in the unsalvageable testes group (p=0.042).
INTRODUCTION
The acute scrotum in pediatric patients is a urologic emergency [1, 2] . Scrotal pain, swelling, or erythema of acute onset is presented in the acute scrotum, and there are several diseases including testicular torsion, epididymo-orchitis, testicular appendix torsion, and scrotal injury [3] [4] [5] [6] . In particular, a delay in diagnosis and treatment can lead to losing the involved testis [7] [8] [9] [10] [11] , therefore testicular torsion is a true emergency and must be differentiated from other etiologies of acute scrotum [12] . Testicular torsion constitutes approximately 25% of cases of acute scrotum [12] . The annual incidence of testicular torsion is 3.8% in males under 18 years old, and approximately 75% of cases of testicular torsion occur in teenagers [13, 14] . However, some younger patients have been reported, and diagnosis with only history taking and physical examination is difficult. Doppler ultrasonography is not available in all hospitals, therefore, diagnosis and management are delayed in some patients [15, 16] .
The aim of this study was to determine the parameters associated with testicular salvage in patients under 18 years old with testicular torsion.
MATERIALS AND METHODS
This is a retrospective study of 19 patients under 18-yearold diagnosed with testicular torsion from a single center (Pusan National University Yangsan Hospital) for six years between 2009 and 2014. All patients underwent emergency surgery. Patients' age, chief complaints, laterality, results of physical examination, ultrasonographic findings, duration from the occurrence of symptoms to hospital visit and beginning of the operation, surgical findings, surgical methods (orchiopexy or orchiectomy), and postoperative complications were studied.
A salvageable testes group in which the testes could be salvaged and an unsalvageable testes group in which testes could not be salvaged or was atrophied were defined and analyzed according to surgical findings.
Statistical analysis was performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). Mann-Whitney U tests were applied for comparison of age, duration from the occurrence of symptoms to hospital visit and beginning of the operation of each group and chi-square tests were applied for comparison of laterality and visiting other clinics or hospitals for each group; p-values ＜0.05 were considered statistically significant.
RESULTS
The age of patients was 0-year in one (5.3%), 5-year in one (5.3%), 7-year in one (5.3%), 12-year in three (15.8%), 13-year in three (15.8%), 14-year in two (10.5%), 15-year in two (10.5%), 16-year in two (10.5%), 17-year in two (10.5%), and 18-year in two (10.5%) ( Table 1) . Among 19 patients, the salvageable testes group included 14 (73.7%) and the unsalvageable testes group included five (26.3%).
The mean ages were 164 months (57-212) in the salvageable testes group and 134 months (2-221) in the unsalvageable testes group. There was no statistical difference (p=0.853). Nine patients (64.3%) in the salvageable testes group had laterality of involved testes in left, five (35.7%) in right, and in the unsalvageable testes group, all involved testis were in left, with no significant difference (p=0.120).
All children visited the hospital with scrotal pain or swelling. Only three patients (21.4%) in the salvageable testes group and two (40.0%) in the unsalvageable testes group could be diagnosed with physical examination such as Prehn's sign. All patients were confirmed with Doppler ultrasonography.
In the salvageable testes group, six children (42.9%) visited our hospital via other clinics; however, in the unsalvageable testes group, all five children visited via other clinics, showing a statistical difference (p=0.026).
The mean duration from the occurrence of symptoms to the hospital visit and to beginning of the operation was 925 minutes (62-4,710) and 1,131 minutes (225-4,970) in the salvageable testes group, and 3,488 minutes (391-10,348) and 3,777 minutes (675-10,700) in the unsalvageable testes group, respectively. The duration was significantly different between the two groups (p=0.042 and p=0.042, respectively) ( Table 2 ).
In the salvageable testes group, the distribution of durations between the onset of symptoms and start of surgery was five (36%) in under 360 minutes, four (29%) in 360-720 minutes, two (14%) in 720-1,440 minutes, and three (21%) in ＞1,440 minutes. 
DISCUSSION
Testicular torsion is a common urologic emergency [17] . Most testes can be salvaged if surgery is performed quickly, although risk of decreased sperm production, fertility, and testicular atrophy is increasing [18, 19] . Previous studies concluded that testicular viability is associated with the short time duration between scrotal pain onset and surgery [7] [8] [9] [10] [11] .
In general, necrosis of testicular tissues starts after about four hours of absent blood flow [20] . The reported salvage rate is 90-100% when detorsed within six hours of the onset of symptoms, and this rate decreases to 20-50% after 12 hours and 0-10% when more than 24 hours [13, 21, 22] .
In our study, we analyzed not only surgery time but also hospital visit time from onset of symptoms. Among 14 testes in the salvageable testes group, nine (64%) patients' testes could be saved, although surgeries were performed after six hours from pain onset. However, the mean durations between the onset of symptoms and visiting the hospital and between the onset of symptoms and start of surgery were shorter in the salvageable testes group than in the unsalvageable testes group.
Some patients visited other clinics or hospitals before visiting our center, so that the diagnoses and treatments were delayed. All orchiectomy group patients were transferred from other clinics or hospitals. Absolute golden time for testicular salvage is not fixed; however, shorter durations of visiting and surgery are associated with testicular saving.
In this study, history taking and physical examination were not always helpful for diagnosing testicular torsion. All patients were diagnosed by Doppler ultrasonography with absent testicular blood flow. Previous studies have reported sensitivity rates varying from 78.6% to 100% and specificity rates varying from 76.9% to 100% [23] . Distinguishing testicular torsion from epididymitis with ultrasonography can be difficult.
Nussbaum Blask and Rushton [24] reported that an enlarged hypovascular and echogenic epididymis was common in pediatric patients with testicular torsion. Kaye et al. [25] reported on 55 boys with scrotal exploration; 37 were heterogeneous on ultrasonography, and all heterogeneous testes were unsalvageable on exploration. Chmelnik et al. [26] reported that all 16 boys with testicular torsion with focal sonographic heterogeneity had orchiectomy or testicular atrophy. Therefore, examination of testes is useful for exact diagnosis and treatment.
Testicular torsion usually presents in teenagers, however, is uncommon in patients younger than ten years old [7] [8] [9] [10] [11] . Most patients in our study were teenagers, but three were under 10 years. Young boys with testicular torsion may not complain of scrotal pain, but may present with abdominal pain or other symptoms. Therefore, physicians should always consider testicular torsion in the case of any male patients complaining of abdominal pain.
Absence of the cremasteric reflex is one of the features highly associated with testicular torsion. However, the presence of the cremasteric reflex cannot always exclude testicular torsion, as the reflex was intact in 8% of young boys with testicular torsion. In previous studies, 29-40% of patients with testicular torsion showed normal cremasteric reflex [23] .
Salvageability of torsed testis is important for the fertility of the patient. Several studies examining mechanisms that show the effect of testicular torsion on male infertility have been reported. Ischemia-reperfusion due to torsion and detorsion leads to an increase in neutrophil migration to the testicular tissue. Inflammation proceeded with recruitment of neutrophils to the testis causing apoptosis of germ cells [27] .
A recent study suggested that apoptotic cell death plays an important role in limiting the testicular germ cell population, and this cell regulation probably has an association with male infertility [28] . In addition, damage to the blood-testis barrier leads to initiation of autoimmune activity against sperm cells, followed by appearance of antisperm antibodies in the circulatory system, causing immunogenic infertility by affecting the contralateral testis [29] .
This study has some limitations. First, the number of patients was small, with only five patients in the unsalvageable testes group. This was a single center result, therefore, a multi-center study may be useful for establishing parameters affecting testis salvage.
In addition, long-term follow-up results were not investigated. The most important purpose of testis salvage is preserving male fertility. However, because the patients were young examination of fertility like semen analysis was not performed. We just followed up testis size and blood flow with Doppler ultrasonography.
CONCLUSIONS
Most boys with testicular torsion were 12-16 years old, however successful testicular salvage was not associated with age. The laterality of involved testis was not associated with testis viability. Diagnostic choice for testicular torsion was Doppler ultrasonography.
The short duration between symptom onset and hospital visit or between symptom onset and surgery start was important for saving testis. There was a high possibility that orchiectomy was required if surgery was delayed for more than 12 hours. Even when a boy is admitted to the hospital more than 24 hours after the onset of symptoms, the testis can still be viable provided the surgery is performed as quickly as possible.
